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TITLE OF THE INVENTION 

METHODS AND FORMULATIONS F OR TARGETING INFECTIOUS AGENTS BEARING 
HOST CELL PROTEINS ~~~ 



HELD OF THE INVENTION 



This invention relates to formulations of ligands capable of binding to host 
membrane proteins present at the membrane surface of infectious agents as well as at the 
membrane surface of the host cells. More specifically, this invention relates to ligand- 

1 0 conjugated vesicles that may be administered alone or in combination with a drug. The drug 
may be incorporated into the vesicles or administered concurrently. Even more specifically, 

S the protein is HLA-DR or CD4, the ligand is an anti-HLA-DR or anti-CD4 antibody or 
antibody fragment and the vesicles are liposomes. The drugs are preferably directed to a 

p disease caused by HIV. These formulations could be used either as a therapeutic or a 

Ul5 preventive tool. 

BACKGROUND OF THE INVENTION 

p It is now well-established that in the early-stage of human immunodeficiency virus 

0 (HIV) infection and throughout the clinical latent stage, viral particles accumulate and 
■SO replicate actively in lymphoid organs despite a low viral load in peripheral blood. The high 

1 jj viral load observed in the lymphoid tissues was reported to be partly associated with trapped 

HIV particles on the follicular dendritic cells <FDC) located in the germinal centers. In 
addition to the extracellular localization of HIV in interdendritic spaces of germinal centers, 
viral particles are also found within the endosomal and cytoplasm compartments of FDC. 

25 Moreover, viral particles bound to the FDC remained highly infectious to CD4+ T-cells 
despite the presence of neutralizing antibodies on their surface. Over the course of HIV 
infection, the FDC network was shown to be gradually disrupted and ultimately destroyed. 
The incapacity of FDC to retain HIV particles in advanced stages of the disease has been 
postulated to contribute to the increased viral burden in the periphery. As the 

30 microenvironment of lymphoid tissues is crucial for effective immune responses, it is 
important to reduce or abrogate the production and the accumulation of HIV-1 particles in 
these tissues to preserve both their architecture and integrity. 



Highly active antiretroviral therapy (HAART), usually consisting in the combination of 
35 two nucleoside analogues and one protease inhibitor, has been shown to be effective to 
reduce the plasma viral load to undetectable levels in HIV-infected individuals. However, 
anti-HIV regimens do not fully eliminate viral replication in secondary lymphoid tissues and 
this continued replication of HIV-1 seems to be due to the presence of drug-sensitive 
viruses. In addition, replication-competent HIV-1 are routinely isolated from resting CD4+ T- 
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cells from patients receiving HAART even after 30 months of therapy (Finzi et aL, 1997, 
Science, 278:1295-1300). In fact, it was estimated that it would take as much as 60 years to 
eradicate HIV from an infected individual (Finzi et al. f 1999, Nature Med. 5:609-611). In 
addition, it was shown that initiation of HAART in HIV-infected patients, as early as 10 days 
5 after the onset of symptoms of primary HIV-1 infection, did not prevent generation of latently 

infected resting CD4 + T-cells carrying integrated HIV-1 DNA despite the successful control 
of plasma viremia (Chun et ah, 1998; Proc. Natl. Acad. Sci. USA 95:8869-8873). On the 
other hand, an increasing number of treatment failures resulting from toxicity, drug-resistant 
mutants and/or poor compliance of patients to drug regimen are emerging with long-term 
10 therapy. 

All approved anti-HIV drugs are generally aimed at blocking viral replication within 
cells by inhibiting either HIV-1 reverse transcriptase or protease which are essential 
enzymes for viral replication. Antiviral drugs include anti-HIV drugs such as S-azido-S 1 - 

15 deoxythymidine (AZT, zidovudine), 2 t -3 , -dideoxyinosine (ddl; didanosine), 2-3- 
dideoxycytidine (ddC; zaicitabine), 2'-deoxy-3'-thiacytidine (3TC; lamivudine), indinavir, 
saquinavir, ritonavir, nelfinavir, ganciclovir, foscamet and ribavirin. The development of new 
drugs that targets other events of HIV-1 infection or the use of alternative approaches for the 
treatment of HiV-1 infection remains a high priority to cure this deadly disease. Most polyene 

20 macrolide antibiotics are active against a variety of lipid-enveloped RNA and DNA viruses. 
The binding of these drugs to sterols located within microbial cell membranes modifies the 
permeability and function of cells decreasing the infectivity of lipid-enveloped virus. Both 
amphotericin B (AmB) and nystatin A have been shown to be efficient to inhibit the in vitro 
replication of HIV-1 , probably via the binding of drugs to cholesterol in the membrane of HIV- 

25 1, which has a high cholesterol-to-phosphoiipid ratio. Antiviral activity of a series of more 
soluble derivatives of AmB has also been investigated. The mechanism of action by which 
these molecules inhibit HIV-1 infection was shown to be markedly different upon the nature 
of the AmB derivative, their main target being the viral and/or cellular membrane, 

30 One common feature of retroviruses, as well as of many other enveloped viruses, is 

the acquisition of host cell surface molecules during the budding process. FDC f B 
lymphocytes, antigen presenting cells like macrophages and activated CD4 + T-ceils are 
abundant in lymphoid tissues and all express substantial levels of the HLA-DR determinant 
of the major histocompatibility complex class II (MHC-ll). Monocyte-derived macrophages, 

35 which are also CD4+ and express HLA-DR, are considered to be the most frequently 
identified hosts of HIV-1 in tissues of infected individuals. Given that HIV-1 has been 
reported to incorporate a vast array of cell membrane derived structures while budding out 
of the infected cell, the probability that newly formed viral entities will bear cellular HLA-DR 
is thus high. It has been demonstrated that plasma HIV-1 isolates from virally-infected 
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individuals do carry on their surface host-encoded HLA-DR (Saarioos et at., 1997, J. Virol. 
71:1640-1643). The physiological relevance of cellular HLA-DR bound to HIV-1 is further 
provided by previous studies from our laboratory indicating that HLA-DR is one of the most 
abundant host-derived molecules carried by HIV-1 (Cantin et aL, 1997, J. Virol. 71:1922- 
5 1930). Numerous reports have provided evidence for the presence of many other host- 
derived components in different laboratory and/or primary isolates of HIV-1 (Table 1; for 
review see Tremblay et al., 1998, Immunol. Today 19:346-351). 

There is serious doubt about the ability of current antiviral treatment to eradicate 

10 HIV-1 infection. Therefore, more potent antiretroviral drugs or the use of alternative 
approaches that block the potential spread of virus within lymphoid tissues, their main 
reservoir, are urgently needed. Considering that HIV accumulates and replicates actively 
within lymphoid tissues, any strategy that will decrease viral stores in these tissues might be 
beneficial to the infected host. As liposomes are naturally taken up by celts of the 

15 mononuclear phagocytic system (MPS), liposome-based therapy represents a convenient 
approach to improve the delivery of anti-HIV agents within lymphoid tissues. As host-derived 
HLA-DR proteins are abundantly expressed on antigen presenting cells such as 
monocyte/macrophages and FDC, liposomes bearing surface-attached anti-HLA-DR 
antibodies (anti-HLA-DR immunoiiposomes) and containing anti-HIV agents constitute a 

20 convenient approach to target even more specifically HIV-1 reservoirs. Similarly, the 
coupling of anti-CD4 molecules on the surface of liposomes (anti-CD4 immunoiiposomes) 
should lead to a specific targeting of both CD4 T-lymphocytes and monocyte/macrophages 
which represent the major cellular reservoir for HIV-1. Furthermore, as host-encoded HLA- 
DR determinant is also present on the virion's surface, incorporation of neutralizing agents, 

25 such as amphotericin B, in anti-HLA-DR immunoiiposomes represents an anractlve strategy 
to destroy cell-free viruses. Taken together, the use of immunoliposoma! drugs represents 
an attractive strategy to target primary cellular reservoirs of HIV-1. Such a targeted drug 
delivery system could hopefully improve the treatment of HIV infection, 

30 US patent number 5,773,027 discloses the use of antiviral agents encapsulated into 

liposomes for the treatment of viral diseases. However, this publication does not specifically 
teach liposomes bearing surface-attached antibodies comprising or not a drug capable of 
inhibiting replication or destroying both cell-free HIV virions and virally-infected cells. Such 
immunoiiposomes could represent a novel therapeutic strategy to treat more efficiently this 

35 retroviral disease. 
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Table 1 . Host proteins acquired by HIV-1 



Host protein (other 
name) 


Producer ceil (cellular origin) 3 


Strain of HIV-1 (source) b 


CD3(T3) 


H9(T) 


IIIB (L) 


CD4(T4) 


PBMCs, H9 (T) 


IIIB (L) 


CD5(T1) 


PBMCs, H9 (T) 


IIIB (L) 


CDS (T12) 


PBMCs, H9 (T) 


IIIB (L) 


CD8 (T8) 


Sup-T1 (T) 


IIIRF (L) 


CD11a(LFA-1) 


PBMCs, H9 (T), Sup-T1 (T) t 


IIIB (L), IIIRF (L), P1 (P) 




CEMx174 (T), Jurkat (T), CEM.NK r 






(T), C8166 (T), U937 (MX AA2 (B) 




CD11b(Mac-1) 


H9 (T), U937(M) 


IIIB (L) 


CDUcCgplSO^S) 


H9 (T), U937 (M), AA2 (B) 


IIIB (L) 


CD15 (Lewis-X) 


U937 (M) 


IIIB (L) 


CD18 


PBMCs, H9 (T), Sup-T1 (T), Jurkat 


IllRF (L), IIIB (L), P1 (P) 




(T), CEMx174 (T), CEM.NK 1 " <T), 






C8166 (T) U937 (M), AA2 (B) 




CD19 


AA2 (B) 


IIIB (L) 


CD25 (Tac) 


PBMCs, H9 (T) 


IIIB (L) 


CD30 (Ki-1) 


H9(T) 


IIIB(L) 


CD43 (ieukosiaiin, 


PBMCs, CEMx174 (T), Jurkat (T), 


IllRF (L), IIIB (L) 


sialophorin) 


CEM.NK r (T), Sup-T1 (T), H9 (T), 






U937 (M), AA2 (B) 




CD44 (Pgp-1) 


CEMx174 (T), Sup-T1 (T), 


IHRF (L) 




CEM.NK r (T) 




CD48 (Blast-1) 


PBMCs, H9 (T), U937 (M) 


IIIB (L) 


CD54 (1CAM-1) 


PBMCs, H9 (T), C8166 (T), U937 


IIIB (L), IllRF (L), LAI (L), NL4-3 (L), 


(M), AA2 (B), RAJI-CD4 (B) 


P1 (P), 334 (P), 336 (P), 438 (P) 


CD55 (DAF) 


PBMCs, H9 (T) f U937 (M), AA2 (B) 


NL4-3 (L), IIIB (L), JC50 (P), MG 47 






(P), MP49 (P), PE51 (P), CJ48 (P) 


CD59 (Protectin, 


PBMCs, H9 <T), U937 (M), AA2 (B) 


NL4-3 (L), IIIB (L), JC50 (P), MG 47 


Mac inhibitor) 




(P), MP49 (P), PE51 (P), CJ48 (P) 


CD63 


PBMCs, H9 (T), Jurkat (T), Sup-T1 


IIIB (L), IllRF (L) 




(T), CEMX174 (T), CEM.NK 1 " (T) 




CD71 (Transferrin 


PBMCs, CEMX174 (T), Sup-T1 (T), 


IIIRF (L), IIIB (L) 


receptor) 


H9 (T), U937 (M), AA2 (B) 




CDw108 (GR2) 


H9 (T), U937 (M), AA2 (B) 


IIIB (L) 


Cyclophilin A 


CEM SS (T), HeLa (E), COS (F) 


NL4-3 (L), HXB2 (L) HXBH10 (L), 




HIMN (L) 


Cytoskeietaf proteins 


H9 ctone4(T), CEM SS (T) 


IIIMN (L) 


H LA-DP, -DQ 


PBMCs, RAJI-CD4 (B) 


LAI (L). IIIRF (L), NL4-3 (L), 334 






(P), 336 (P), 438 (P) 



Abbreviations: HIV-1: human immunodeficiency virus type 1; H LA-DP and DQ T human 
leukocyte antigen loci DP and DQ; PBMCs, peripheral bfood mononuclear ceils. 
a Cellular origin: B, B-lymphobiastic; E, epithelial-like; F, fibroblast-iike; M, monocytic; T, T 
iymphoblastotd. ^Source: L, laboratory isolates of HIV-1; P, primary isolates of HiV-1. 
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SUMMARY OF THE INVENTION 

This invention provides new formulations having the capacity of targeting an 
infectious agent, which has acquired at least one host membrane protein during its life cycle 
in its free form, as well as targeting the host cell itself. 

5 

This invention provides formulations which comprise ligand-conjugated vesicles that 
may be administered alone or in combination with a drug, for the purpose of treating or for 
alleviating the symptoms of a disease caused by the infectious agent. Furthermore, the 
ligand-conjugated vesicles could be incorporated in a gel or any other carrier to prevent or 
1 0 treat any disease of mucosae and/or skin. These formulations could also be used as carriers 
of passive vaccines against infections caused by pathogens or any disease. The drug may 
be incorporated into the vesicles or administered concurrently. 

In a specific embodiment, the host cell is a lymphoid cell or a cell of the 
15 reticuloendothelial system. In still a more preferred version of this invention, the infectious 
agent is HIV. It is however clear that this invention can be applicable to any host cell infected 
by any infectious agent which has a life cycle such that host membrane proteins are 
acquired during the budding process or the construction of its externa) constituents. For 
example, a liver cell susceptible to a hepatitis virus, or a mucosal epithelial cell susceptible 
20 to a herpes virus, are versions considered within the scope of this invention. 

The targeted host membrane protein is any one which is expressed by the whole 
cell, and acquired by the infectious agent. This protein may be selected from a 
histocompatibility complex protein, a membrane ATPase, thy-1, an interleukin receptor, 

25 annexin it, ^-microglobulin, CD3 <T3), CD4 (T4), CDS (T1), CD6 (T12), CD8 (T8), CD11a 
(LFA-1), CD11b (Mao-1), CD11c (gp150,95), CD1 (Lewis X), CD18, CD19, CD25 (Tac), 
CD30 (KM), CD43 (leukosialin, sialophorin), CD44 (Pgp-1), CD48 (Blast-1) ( CD54 (ICAM- 
!), CD55 (DAF), CD59 (protectin, Mac inhibitor), CD63, CD71 (transferrin receptor), 
CDw108 (GR2), cyciophilin A, and cytoskeletal proteins. The first contemplated protein 

30 candidates are those that are involved in the increased infectivity of HIV, namely HLA-DR, 
MHC-I and CD54. 

In one version of this invention, the formulation comprises a ligand coupled to a lipid- 
comprising vesicle. In another version of this invention, the formulation comprises a ligand- 
35 conjugated vesicle containing a drug incorporated into the vesicles. The iipid-comprising 
vesicle includes nanoerythrosomes or liposomes. 

The ligand may be selected from a surface antigen, an agonist, an antagonist, and 
an antibody molecule. In a preferred version of this invention, the ligand is an antibody 
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molecufe which is selected from a whole antibody and an antibody fragment capable of 
binding the protein of interest. 

Also in a preferred version of this invention, the vesicle comprises a liposome, a 
5 stericatly stabilized liposome (stealth liposome), and a combination thereof. The coupling of 
these liposome forms with an antibody molecule thus provides immunoliposomes. 

The formulation may also comprise, besides immunoliposomes, conventional 
liposomes (sterically stabilized or not), comprising an effective amount of entrapped drug. 

10 

The drug contemplated in this invention is capable of affecting the cell, via its 
coupling with the ligand, and its binding to a cell membrane protein, for the purpose of 
targeting the cell of interest. The drug can also be effective directly against the free 
infectious agent, in so far AIDS is the disease to be treated, the drug may be selected from 
15 AZT, ddl, ddC, 3TC, indinavir, saquinavir, ritonavir, neifinavir, ganciclovir, foscamet, 
ribavirin, amphotericin B and nystatin A. 

In the most specific version of this invention, the formulation is an immunoiiposome 
coupled to an anti-HLA-DR or anti-CD4 antibody Fab 1 fragment and comprising indinavir or 
20 amphotericin B as an entrapped antiviral drug. 

Liposomes of the present invention are composed of any vesicle-forming lipid. For 
the purpose of this invention, the term "vesicle-forming lipid" is intended to cover any 
amphipathic lipid having hydrophobic and polar head group moieties which can form bilayer 

25 vesicies in aqueous solutions or can be incorporated into lipid bilayers. included in this class 
are phospholipids such as phosphatidylcholine (PC), phosphatidylglycerol (PG), 
phosphatidylethanolamine (PE), phosphatidylserine (PS), phosphatidylinositol (PI), 
phosphatidic acid (PA) and sphingomyelin (SM) where the two hydrocarbon chains are 
typically between about 14-22 carbon atoms in length and have varying degrees of 

30 unsaturation. Also included in this class are giycolipids, such as cerebrosides and 
gangliosides. Also included in this class are cholesterol and related sterols. Also included in 
this class are amphipathic lipids having a derivatized hydrophiiic biocompatible polymer 
such as polyethyleneglycol (PEG). The PEG preferably has a molecular weight ranging from 
about 500 to 5000 daltons. The lipid-PEG derivative is present in a proportion of about 0.75- 

35 20%, preferably about 2.5-10%. The liposomes of the present invention are most preferably 
composed of i) a mixture of diacyiphosphatidylcholine and diacylphosphatidylglycerol (in a 
molar ratio ranging between 10:1 and 1:1) wherein the acyl chains are either saturated or 
unsaturated and have between 14 and 18 carbon atoms in length. The liposomes of the 
present invention also include immunoliposomes, defined herein as, liposomes which are 
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modified by the coupling of antibody molecules which enhance the targeting of specific cells. 
The liposomes of the present invention also include pH-sensitive liposomes, heat-sensitive 
liposomes, target-sensitive liposomes and any other type of liposomes that could be used 
for this purpose. This invention also covers any combination of liposomes and/or drugs. 

5 

The preferred formulations of liposomes comprise dipalmitoylphosphatidylcholine 
(DPPC):dipatmitoylphosphatidylglycerol (DPPG) in a molar ratio of 10:3 (thereafter 
illustrative of conventional liposomes), in another preferred embodiment, formulations of 
liposomes comprise DPPC:DPPG:distearoylphosphatidylethanolamine-polyethyleneglycol 

10 (DSPE-PEG) in a molar ratio of 10:3:0.83 (thereafter illustrative of sterically stabilized 
liposomes or stealth liposomes). In still another preferred embodiment, formulations of 
liposomes comprise DPPC:DPPG:dipalmitoylphosphatidylethanolamine-N-(4-(p-maleimido- 
phenyl)butyryl) (DPPE-MPB) in a molar ratio of 10:3:0.33 bearing anti-HLA-DR Fab' 
fragments (thereafter illustrative of anti-HLA-DR immunoliposomes). In still another preferred 

15 embodiment, formulations of liposomes comprise DPPC:DPPG:DPPE-MPB in a molar ratio 
of 10:3:0.33 bearing anti-CD4 Fab' fragments (thereafter illustrative of anti-CD4 
immunoliposomes). In still another preferred embodiment, formulations of liposomes 
comprise DPPC:DPPG:DSPE-polyethyieneglycol-MPB (DSPE-PEG-MPB) in a molar ratio of 
10:3:0.83 bearing anti-HLA-DR Fab 1 fragments (thereafter illustrative of sterically stabilized 

20 anti-HLA-DR immunoliposomes or stealth anti-HLA-DR immunoliposomes). In still another 
preferred embodiment, formulations of liposomes comprise DPPC:DPPG:DSPE-PEG-MPB 
in a molar ratio of 10:3:0.83 bearing anti-CD4 Fab' fragments (thereafter illustrative of 
sterically stabilized anti-CD4 immunoliposomes or stealth anti-CD4 immunoliposomes). MPB 
is a coupling agent that may be replaced with any other suitable molecule for the purpose of 

25 attaching a ligand to a lipid or lipid derivative. 

Other preferred formulations of liposomes comprise DPPC:DPPG in a molar ratio of 
10:3 and contains amphotericin B as an antiviral drug. In still another preferred embodiment, 
formulations of liposomes comprise DPPC:DPPG in a molar ratio of 10:3 and contains 

30 indinavir as an antiviral drug. In still another preferred embodiment, formulations of 
liposomes comprise DPPC:DPPG:DSPE-PEG in a molar ratio of 10:3:0,83 and contains 
amphotericin B as an antiviral drug. In still another preferred embodiment, formulations of 
liposomes comprise DPPC:DPPG:DSPE-PEG in a molar ratio of 10:3:0.83 and contains 
indinavir as an antiviral drug. In still another preferred embodiment, formulations of 

35 liposomes comprise DPPC:DPPG-DPPE-MPB in a molar ratio of 10:3:0.33 bearing anti- 
HLA-DR Fab' fragments and contains amphotericin B as an antiviral drug. In still another 
preferred embodiment, formulations of liposomes comprise DPPC:DPPG-DPPE-MPB in a 
molar ratio of 10:3:0.33 bearing anti-HLA-DR Fab' fragments and contains indinavir as an 
antiviral drug. In still another preferred embodiment, formulations of liposomes comprise 
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DPPC:DPPG-DPPE-MPB in a molar ratio of 10:3:0.33 bearing anti-CD4 Fab 1 fragments and 
contains amphotericin B as an antiviral drug, in still another preferred embodiment, 
formulations of liposomes comprise DPPC;DPPG-DPPE-MPB in a moiar ratio of 10:3:0.33 
bearing anti-CD4 Fab 1 fragments and contains indinavir as an antiviral drug. In still another 
5 preferred embodiment, formulations of liposomes comprise DPPC:DPPG:DSPE-PEG-MPB 
in a molar ratio of 10:3:0.83 bearing anti-HLA-DR Fab' fragments and contains amphotericin 
B as an antiviral drug. In still another preferred embodiment formulations of liposomes 
comprise DPPC:DPPG:DSPE-PEG-MPB in a molar ratio of 10:3:0.83 bearing anti-HLA-DR 
Fab 1 fragments and contains indinavir as an antiviral drug. In still another preferred 
10 embodiment formulations of liposomes comprise DPPC:DPPG:DSPE-PEG-MPB in a mofar 
ratio of 10:3:0.83 bearing anti-CD4 Fab 1 fragments and contains amphotericin B as an 
antiviral drug. In still another preferred embodiment, formulations of liposomes comprise 
DPPC:DPPG:DSPE-PEG-MPB in a molar ratio of 10:3:0.83 bearing anti-CD4 Fab f 
fragments and contains indinavir as an antiviral drug. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is described herein below by way of specific examples and 
appended figures, whose purpose is to illustrate the invention rather than to limit its scope. 

20 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows flow cytometry scans of A) SUP-T1, B) HUT-78 and C) RAJI cells 
incubated with conventional liposomes (solid lines) and anti-HLA-DR immunoiiposomes 
(dotted lines) for 30 min at 37°C and revealed with a goat-anti-mouse-FITC-lgG. 

25 Figure 2 shows the effect of liposomal concentration on the binding level of human 

anti-HLA-DR immunoiiposomes with B lymphocytes as revealed by FITC conjugated goat 
anti-mouse IgG which binds to Fab 1 fragments (o) and by a fluorescent lipophilic Dil marker 
incorporated within the lipid membrane of anti-HLA-DR immunoiiposomes (#). 

30 Figure 3 shows the tissue distribution of conventional liposomes (dotted bar) and 

anti-HLA-DR immunoiiposomes (solid bar) in A) brachial lymph nodes, B) cervical lymph 
nodes, C) liver and D) spleen following a single subcutaneous injection to mice. Values 
represent the mean (± SEM) obtained for six animals per group per time point. *Significantly 
different (p<0.01) when compared to conventional liposomes. 

35 

Figure 4 shows the tissue distribution of conventional immunoiiposomes (dotted bar) 
and sterically stabilized anti-HLA-DR immunoiiposomes (solid bar) in brachial, cervical, 
mesenteric, inguinal and popliteal lymph nodes, and spleen following a single subcutaneous 
injection to mice. Values represent mean (± SEM) obtained for six animals per group per 
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time point. *, **Significantly different (p<0.05) and (p<0.01), respectively when compared to 
conventional imrnunoliposomes, 

Figurg_§_shows the tissue distribution of conventional liposomes (empty bar), 
5 sterically stabilized liposomes (lined bar), conventional anti-HLA-DR immunoiiposomes 
(dotted bar) and sterically stabilized anti-HLA-DR imrnunoliposomes (solid bar) in brachial, 
cervical, mesenteric, inguinal and popliteal lymph nodes, and spleen following a single 
subcutaneous injection to mice. Values represent the mean (± SEM) obtained for six 
animals per group per time point. *Significantly different (p<0.05) when compared to 
10 conventional liposomes and **significantiy different (p<0.05) when compared to conventional 
anti-HLA-DR imrnunoliposomes. 

Figure 6 shows fluorescent micrographs of brachial lymph nodes of C3H mouse at 
120 h after the administration of a single subcutaneous dose of Dil-labelled sterically 
15 stabilized liposomes (Panel A) and sterically stabilized anti-HLA-DR immunoiiposomes 
(Panel C) to mice. Panels B and D represent the corresponding hematoxylin eosin coloration 
of tissues. Figure shows the cortex area (C), the parafollicular area (PF), the medulla (M) 
and the lymphoid follicules (LF). Magnification: 250X. 

20 FigiHBj^jshows fluorescent micrographs of spleen of C3H mouse at 48 h after the 

administration of a single subcutaneous dose of Dil-labelled sterically stabilized liposomes 
(Panel A) and sterically stabilized anti-HLA-DR imrnunoliposomes (Panel C) to mice. Panels 
B and D represent the corresponding hematoxylin eosin coloration of tissues. Figure shows 
the red pulp (RP) and the marginal zone (M) surrounding lymphoid follicuie of the white pulp 

25 (WP). Magnification: 250X. 

Figure 8 shows the tissue and plasma distribution of free indinavir and of sterically 
stabilized anti-HLA-DR immunoiiposomes containing indinavir as a function of time after a 
single bolus subcutaneous administration given in the upper back below the neck of C3H 
30 mice. Values represent the means (± SEM) obtained from 6 animals per group per time 
point. 

Figure 9 shows the levels of aspartate aminotransferase (Panel A), alanine 
aminotransferase (Panel B) and lactate dehydrogenase (Panel C) in serum of mice after 10 
35 daily subcutaneous administrations of 500 pi of free indinavir, indinavir incorporated in 
sterically stabilized liposomes and drug-free sterically stabilized liposomes (34.3 mg 
indinavir/kg; 540 mg of lipids/kg body weight/day). Levels of hepatic enzymes were 
monitored in serum samples taken on days 0 (open bars), 1 1 (dotted bars) and 24 (filled 
bars). Untreated animals and animals treated with a 0.86% DMSO solution were used as 
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controis. Values represent the means (± SEM) obtained from 10 animals per group per time 
point. 

FigurejlO^shows the levels of antibodies in serum samples of rats after four 
5 repeated subcutaneous injections of stericaily stabilized liposomes, sterically stabilized anti- 
HLA-DR immunoliposomes or a mixture of sterically stabilized liposomes and antibodies on 
A) Y-17 IgG-coated plates and B) Y-17 Fab' fragments-coated plates. Values represent the 
means (± SEM) obtained from 5 animals per group per time point 

10 Figure 11 shows the in vitro efficacy of free indinavir (A), sterically stabilized 

liposomes cOTtairiing indinavir (•) and sterically stabilized anti-CD4 immunoliposomes 
containing indinavir (■) to inhibit HiV-1 replication in SUPT-1, Antiviral efficacy was 
evaluated using a concentration of indinavir of 10 nM (panel A), 50 nM (panel B) and 100 
nM (panel C). Uninfected ceils (□), untreated infected cells (A) and infected cells treated 

1 5 with a solution of DMSO at the same concentration than those used for the preparation of 
the indinavir solutions (o) were used as controls. Results represent the average of triplicate 
incubations from one experiment typical of 3. 

Figure 12 shows the effect of AmB on HIV-1nl.4_3 viral replication inhibition in 1G5 
20 cells under various experimental conditions. In a first set of experiments, ceil-free virus 
(open circle) or 1G5 cells (solid square) were pretreated with increasing concentrations of 
AmB for 1 h at 37°C, washed and maintained in fresh culture medium in the absence of 
AmB. In a second set of experiments, AmB and the virus were added simultaneously to cells 
and incubation was made during the first two hours of infection (open square). In a third set 
25 of experiments, AmB was added to HIV-1nl4-3 infected cells after a 2 h adsorption period 
and maintained in contact with cells for 72 h (solid circle). Luciferase activity was measured 
at 72 h post-infection. Values represent the average (± SD) of triplicate incubations from one 
experiment typical of 3. 

30 Figure 13 shows the effect of free AmB, conventional liposomes, conventional 

liposomes containing AmB, anti-HLA-DR immunoliposomes, and anti-HLA-DR 
immunoliposomes containing AmB on HLA-DR/POS HIV-1NL4-3 replication. HLA-DR/POS 
HIV-1 NL4-3 were treated with 5 pg AmB/ml or the corresponding amount of liposomes for 1 

h at 37°C. 1G5 cells were then infected (10 ng/10 5 ceils) for 2 h at 37°C T washed and 
35 allowed to grow in fresh culture medium in the absence of AmB or liposomes. Uninfected 
ceils and untreated infected cells were used as controls. Luciferase activity was measured at 
72 h after infection. Values represent the average (± SD) of triplicate incubations from one 
experiment typical of 3. 
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Figure 14 shows the effect of free AmB (empty square) and anti-HLA-DR 
immunoiiposomes containing AmB (solid square) on A) HLA-DR/NEG HIV-I1ML4.3 and B) 
HLA-DR/POS HIV-1NL4-3 replication in HLA-DR/NEG 1G5 cells following pretreatment of 
virus with different concentrations of AmB for 1 h at 37°C. 1G5 ceils were infected with 
5 pretreated virus (10 ng/10 5 cells) for 2 h at 37°C, washed and allowed to grow in fresh 
culture medium in the absence of AmB or anti-HLA-DR immunoiiposomes. Luciferase 
activity was measured at 72 h post-infection. Values represent the average (± SD) of 
triplicate incubations from one experiment typical of 3. 

10 Figure^_15_shows the effect of free AmB and anti-HLA-DR immunoiiposomes 

containing AmB on HLA-DR/NEG HIV-1ADA replication in the monocyte/macrophage HLA- 
DR/POS Mono Mac 1 cell line following pretreatment of virus with AmB (5 pg/ml) for 1 h at 
37°C. Mono Mac 1 ceiis were infected with pretreated virus (10 ng/10 5 cells) for 2 h at 37°C t 
washed and allowed to grow in fresh culture medium in the absence of AmB or 

15 immunoiiposomes. Uninfected cells and untreated infected cells were used as controls. 
Luciferase activity was measured at 72 h post-infection. Values represent the average (± 
SD) of triplicate incubations from one experiment typical of 3. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS OF THE INVENTION 

20 

Drugs 

Any antimicrobial, bactericidal, virucidal, chemotherapeutic, antiinflammatory, 
antineoplastic, immunomodulator or any other agent or combination of them which is 
effective to treat infection and/or disease is under the scope of this invention. The term 
25 "drug" also refers to cytokines or antigens that could stimulate an immune response that 
would lead to an improved treatment against the said infection and/or disease. 

Liposomes 

The preparation of liposomes in the present invention can be carried out by a variety 
30 of techniques such as those described in the literature. Formulations of liposomes of the 
present invention include those having a mean particle diameter of any size prepared with 
any drug/lipid moiar ratio. Incorporation of drugs into liposomes can be achieved by one or 
more methods of active and/or passive loading such as those described in the literature. 
Details for the preparation of liposomes are provided in the following examples. 
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Examples involving our liposomal formulations for treatment of infection 

The following examples are intended to demonstrate the preparation of liposomal 
formulations that could be efficient to treat infection caused by any pathogen and/or any 
disease, but are in no way intended to limit the scope thereof. 

Preparation of immunofiposomes 

Hybridomas producing monoclonal antibodies directed against human HLA-DR 
(clone 2.06, fgGi), murine HLA-DR (clone Y-17, lgG2b) and human CD4 (clone OKT4, 
!gG2b) (American Type Culture Collection, Rockviile, MD) were isolated from ascites fluids 
of BALB/c mice and purified using a protein-G affinity column. Antibodies were sterilized on 
0.22 pm low binding protein filters and stored at -20°C in phosphate buffered saline (PBS, 
pH 7.4). Purity of antibodies was assessed by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) under non-reducing conditions. 

F(ab')2 fragments of the 2.06 antibody were produced using an Immunopure IgGi 
Fab 1 and F(ab')2 preparation kit (Pierce, Rockford, IL). In brief, the antibody was 
concentrated with a Centricon-100 (Amicon, Beverly, MA), resuspended in 0.5 mi of PBS 
and added to 0.5 ml of Immunopure IgGi mild elution buffer containing 1 mM cysteine. The 
solution was then incubated with an immobilized ficin column for 40 h at 37°C. The solution 
was then eiuted with 4 ml of Immunopure binding buffer and fragments were separated on 
an Immunopure protein A column. The column retained Fc fragments and undigested IgGi 
whereas F(ab')2 fragments were collected. Fractions containing F(ab')2 were determined 
from absorbance readings at 280 nm and pooled together. The F(ab')2 fragments (110 kD) 
were then concentrated using Centricon-50 and resupended in phosphate-EDTA buffer (100 
mM sodium phosphate and 5 mM EDTA, pH 6.0). F(ab')2 fragments of Y-17 and OKT4 
antibodies were produced following incubation of the antibodies with lysyl endopeptidase (in 
50 mM Tris-HCI, pH 8.5) in an enzyme/substrate moiar ratio of 1:50 for 3 h at 37°C. Lysyi 
endopeptidase cleaved lgG2b at Lys 228E/Cys 229 without perturbing disulfide bridges. The 
digestion products contained undigested lgG T F(ab')2 and Fc fragments. The enzyme was 
removed by gel chromatography on a Sephadex G-25M column and fragments were 
fractionated with a protein A affinity chromatography column and resupended in phosphate- 
EDTA. 

F(ab*)2 fragments were incubated with 0.05 M of 2-mercaptoethylamine-HCI for 90 
min at 37°C under nitrogen atmosphere. This product cleaves the disulfide bridges between 
the heavy chains but preserves the disulfide linkages between the heavy and light chains. 
The solution was eiuted on a Sephadex G-25M column pre-equilibrated with buffer and Fab" 
fragments were collected. Fractions containing Fab 1 were determined using a BCA protein 
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assay reagent kit and pooled together. Fab 1 fragments were concentrated using Centricon- 
10, resuspended in buffer and kept under nitrogen atmosphere at 4°C until coupling to 
liposomes. Purity of Fab* fragments was assessed by SDS-PAGE and their antigenic 
specificity was verified by flow cytometry using appropriate cells. 

5 

Liposomes of specific lipid compositions were prepared according to the method of 
thin lipid film hydration, in brief, the lipid mixture was dissolved in chloroform in a round- 
bottomed flask and the organic solvent was evaporated to form a thin lipid film. The lipid film 
was then hydrated with a buffer containing or not a drug to be encapsulated. In some 

10 experiments, a small proportion of radiolabeled lipids and drugs was added as radioactive 
tracers. Multilamellar vesicles were then sequentially extruded through polycarbonate 
membranes of defined pore sizes using a stainless steei extrusion device (Lipex 
Biomembranes, Vancouver, BC). Unencapsulated drug was removed by centrifugation of 
the liposomal preparation through a coarse Sephadex G-50 column and efficiency of drug 

15 entrapment was determined by radioactive countings. The mean vesicle size of the 
liposomes was evaluated with a submicron particle analyzer. For the coupling procedure, 
liposomes were incubated with freshly prepared Fab' fragments overnight at 4°C under 
continuous agitation and under nitrogen atmosphere. Uncoupled Fab r fragments were 
removed through a Sepharose CL-4B size exclusion column (Sigma, St-Louis, MO) and the 

20 total amount of Fab 1 conjugated to liposomes was evaluated using a Coomassie protein 
assay reagent (Pierce, Rockford, IL). 

Even though the following examples describe specific liposomal formulations, it is 
deemed that a family of liposomal formulations can be easily derived therefrom, without 

25 affecting the valuable properties thereof. Formulations of liposomes of the present invention 
include those having a mean particle diameter of any size. The formulations of liposomes of 
the present invention also include those prepared with any drug/iipid molar ratio. The 
following examples are intended to demonstrate specific liposomal formulations of drugs 
which could be very efficient for the treatment of infections caused by HIV, but are in no way 

30 intended to limit the scope thereof. 

In vitro binding and specificity of immunoliposomes 

The binding and specificity of conventional liposomes and anti-HLA-DR 
immunoliposomes were evaluated in different ceil lines by flow cytometry assay. In brief, 
35 cells were maintained in complete culture medium of RPMI 1640 supplemented with 10% 
fetal bovine serum (FBS), 2 mM glutamine, 100 U/ml penicillin G and 100 jjg/ml 
streptomycin at 37°C under a 5% CO2 atmosphere. Samples were washed with PBS and 
resuspended. The specificity of conventional liposomes and anti-HLA-DR immunoliposomes 
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for the cells was determined by flow cytometry from the fluorescence associated to Dil 
(fluorochrome incorporated into the lipid membrane). 

Figure 1 shows the levels of binding of conventional liposomes and anti-HLA-DR 
5 (IgGi, clone 2.06) immunoliposomes to three human lymphoma cell lines expressing 
different surface levels of the human HLA-DR determinant of MHC-II revealed by flow 
cytometry. As expected, anti-HLA-DR immunoliposomes did not bind to SUP-T1 cells that 
does not express HLA-DR on their surface (Panel A). In contrast, a very strong binding was 
observed following incubation of anti-HLA-DR immunoliposomes with both the HUT-78 and 
10 RAJl cells (Panels B and C) which bear important levels of human HLA-DR on their surface. 
These results clearly showed that liposomes bearing human anti-HLA-DR Fab' fragments 
were very specific to cells expressing HLA-DR determinant of MHC-II. The specificity of 
murine anti-HLA-DR immunoliposomes for i-E antigens present on mouse spleen cells has 
also been confirmed using a similar technical approach (data not shown). 

15 

The effect of liposomal concentration on the levels of binding of anti-HLA-DR 
immunoliposomes on B lymphocytes has also been investigated using two different 
fluorescent markers: i) a goat anti-mouse IgG (FITC) which binds to anti-HLA-DR Fab 1 
fragments and ii) a fluorescent lipophilic Dil marker incorporated within the lipid membrane 

20 of immunoliposomes. Results showed that the binding level of anti-HLA-DR 
immunoliposomes with B cells, when incubated at 37°C, rapidly saturated when using FITC 
conjugated goat anti-mouse IgG as a marker whereas it increased linearly over the lipid 
concentration range when considering the fluorescence signal associated to Dil (figure 2). 
The saturation effect observed in the binding level of anti-HLA-DR immunoliposomes using 

25 FITC as a marker is attributed to the fact that a constant concentration of FITC-IgG was 
used for all liposomal concentration used. In contrast, as Dil is located in the lipid bilayer of 
immunoliposomes, the fluorescence intensity level was directly proportional to the lipid 
concentration used. Flow cytometry scans of HUT-78 cells incubated with Dil-Iabelied 
conventional liposomes as control clearly showed that there was no transfer of the 

30 fluorochrome from liposomes to cells (data not shown). Data were presented only for 
incubation of ceils with anti-HLA-DR immunoliposomes at 37°C as they are representative of 
in vivo conditions. 

Tissue distribution studies 

35 The accumulation of conventional and murine anti-HLA-DR immunoliposomes within 

lymphoid and non-lymphoid tissues has been investigated in mice, in brief, a single bolus 
injection of conventional liposomes, stericaliy stabilized liposomes, anti-HLA-DR 
immunoliposomes or stericaliy stabilized anti-HLA-DR immunoliposomes containing a small 
amount of radioactive lipid was administered subcutaneously in the upper back below the 
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neck of female C3H mice (18-20 g; Charles River Breeding Laboratories, St-Constant, QC). 
At specific time, animals were sacrificed and blood was collected and separated by 
centrif Ligation. At the same time, selected tissues were collected, washed in PBS and 
weighed. Tissues and plasma were then treated with tissue solubilizer and decoloured in 
H2O2. Lipid levels in all samples were monitored by counting radioactivity. Six animals were 
used for each time point. 

Figure 3 shows the tissue distribution of conventional liposomes and anti-HLA-DR 
immunoliposomes in cervical lymph nodes, brachial lymph nodes, liver and spleen at 
different time intervals post-injection. Liposomes bearing murine anti-HLA-DR Fab 1 
fragments targeted more efficiently the cervical lymph nodes when compared to that of 
conventional liposomes with a peak accumulation at 24 h post-injection. The accumulation 
of anti-HLA-DR immunoliposomes within brachial lymph nodes was very similar to that of 
conventional liposomes in the first 12 h post-injection but was significantly higher at 24 and 
48 h post-injection. The concentration of anti-HLA-DR immunoliposomes within the liver was 
significantly lower than that of conventional liposomes for the first 12 h post-injection but 
reached similar values at 24 and 48 h post-administration whereas a lower accumulation of 
immunoliposomes was observed in the spleen for all time points studied. 

Table 2 shows the area under the curve of anti-HLA-DR immunoliposomes and 
conventional liposomes in these different tissues. When compared to conventional 
liposomes, the subcutaneous administration of anti-HLA-DR immunoliposomes resulted in a 
2.9 and 1.6 times greater accumulation in the cervical and brachial lymph nodes, 
respectively. On the other hand, the liposomal accumulation in the liver was similar for both 
liposomal preparations, whereas an approximately two-fold decreased accumulation was 
observed for anti-HLA-DR immunoliposomes in the spleen. In addition, results clearly 
showed that the subcutaneous administration route was very efficient for lymph node 
targeting as evidenced by the much higher accumulation of anti-HLA-DR immunoliposomes 
in these tissues when compared to that observed in the liver and spleen. 
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Table 2. Area under the curve of anti-HLA-DR immunoliposomes and conventional 
liposomes in different tissues following a single subcutaneous administration to 
C3H mice 3 . 

5 



Tissues 


Immunoliposomes 


Conventional 
liposomes 


Ratio immunoliposomes/ 
conventional liposomes 


Cervical lymph nodes 


105.04 


36.37 


2.89 


Brachial lymph nodes 


61.65 


39.20 


1.57 


Liver 


4.03 


4.21 


0.96 


Spleen 


3.32 


7.65 


0.43 



a Values, expressed in pmoies lipids/g tissue/h, were calculated from the mean values of the 
tissue distribution profile using the trapezoidal rule. 



10 The coupling of polyethyleneglycol (PEG) on the surface of liposomes is known to 

increase their ability to move through the lymph after subcutaneous injection and to 
decrease the rate of uptake into the MPS, increasing their residence time within plasma 
and/or lymph. Consequently, we have evaluated if attachment of anti-HLA-DR Fab' 
fragments to the end termini of PEG-coated liposomes could further improve their tissue 

15 accumulation compared to non-targeted stericaliy stabilized liposomes. Results showed that 
the concentration of both immunoliposomal formulations was higher in brachial and cervical 
lymph nodes than in other tissues suggesting that subcutaneous administration of 
immunoliposomes accumulates preferentially in regional lymph nodes (figure 4). In addition, 
stericaliy stabilized anti-HLA-DR immunoliposomes targeted more efficiently all tissues, with 

20 a peak of accumulation at 240 h in brachial, inguinal and popliteal lymph nodes and at 360 h 
or greater for cervical lymph nodes. Their was no significant differences in the accumulation 
of both immunoliposomal formulations at 6 h post-injection in lymph nodes and spleen, 
except for the popliteal lymph nodes, which are the farther lymph nodes from the injection 
site. The concentration of stericaliy stabilized anti-HLA-DR immunoliposomes in mesenteric 

25 lymph nodes reached a plateau at 24 h post-injection and the tissue distribution profile was 
similar to that observed in the spleen. 

Table 3 shows the area under the curve of stericaliy stabilized anti-HLA-DR 
immunoliposomes and of anti-HLA-DR immunoliposomes in different tissues. Results clearly 
30 demonstrated that stericaliy stabilized anti-HLA-DR immunoliposomes accumulate much 
better than conventional anti-HLA-DR immunoliposomes in all tissues indicating that the 
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presence of PEG has an important effect on the uptake of immunoiiposomes by the 
lymphatic system. 

Table 3. Area under the curve of sterically stabilized anti-HLA-DR immunoiiposomes and 
5 conventional anti-HLA-DR immunoiiposomes in different tissues, following the 

administration of a single subcutaneous dose to C3H mice, 3 



Tissues 


Sterically stabilized 


Conventional 


Ratio conv. immuno/ 




immunoiiposomes 


immunoiiposomes sterically stabilized 








immunoiiposomes 


Cervical lymph nodes 


1514.7 


616.1 


2.46 


Brachial lymph nodes 


1693.7 


874.7 


1.94 


Mesenteric lymph nodes 


16.0 


5.5 


2.91 


inguinal lymph nodes 


34.8 


15.8 


2.20 


Popliteal iymph nodes 


70.8 


26.3 


2.69 


Liver 


61.5 


25.5 


2.41 


Spleen 


57.4 


12.6 


4.56 



a Values, expressed in pmoles lipids/g tissues/h, were calculated from the mean values of 
10 the tissue distribution profile using the trapezoidal rule. 

In another experiment, the concentration of the four types of liposomes 
(conventional liposomes, sterically stabilized liposomes, anti-HLA-DR immunoiiposomes and 
sterically stabilized anti-HLA-DR immunoiiposomes) was determined at 48 and 120 h after 

15 their subcutaneous administration to C3H mice. Results showed that the presence of PEG 
on the surface of conventional liposomes or anti-HLA-DR immunoiiposomes had no effect 
on their lymphatic uptake in regional lymph nodes (brachial and cervical), but significantly 
increased their accumulation in other iymph nodes compared to conventional liposomes or 
anti-HLA-DR immunoiiposomes (figure 5). On the other hand, there was no significant 

20 difference in the accumulation of sterically stabilized liposomes in the spleen when 
compared to conventional liposomes. In contrast, the concentration of sterically stabilized 
anti-HLA-DR immunoiiposomes was much higher in the spleen when compared to anti-HLA- 
DR immunoiiposomes. In addition, results showed that the presence of anti-HLA-DR Fab' 
fragments on both conventional and sterically stabilized liposomes greatly improved their 

25 accumulation in regional iymph nodes when compared to non-targeted liposomes. 

We have next evaluated if the presence of anti-HLA-DR Fab' fragments at the end 
termini of PEG chains affect the tissue localization of liposomes, in this set of experiments, 
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iiposomal lipids (2.5 mg/mt) were first incubated with 10 (jg/ml of Dil under darkness for 1 h 
at 60°C with agitation. Unbound Dil was removed by centrifugation (300 x g for 15 min at 
4°C) of the liposomal preparation through a coarse Sephadex G-50 column. A single bolus 
injection of sterically liposomes and stericaily stabilized anti-HLA-DR immunoiiposomes was 
5 administered subcutaneously in the upper back below the neck of female C3H mice. At 
specific times post-injection (24, 48 and 120 h), animals were sacrificed and selected tissues 
were removed. Tissues were then washed in PBS, embedded in OCT, frozen in liquid 
nitrogen and stored at -20°C. Tissue sections of 10 pm thickness were cut using a Jung 
Figocut 2800E from Leica Canada inc. and deposited on slides pre-treated with 2% 
10 aminoalkysilane. Coated slides were immediately observed using a fluorescence 
microscope and pictures were taken. Dil fluorescence was observed with a rhodamine 
optics excitation filter. 

Figure 6 compares the localization of fluorescent sterically stabilized liposomes and 
15 sterically stabilized anti-HLA-DR immunoiiposomes in brachial Jymph nodes at 48 h after 
their subcutaneous administration in mice. Results showed that the localization of sterically 
stabilized anti-HLA-DR immunoiiposomes was very different from that of stericaily stabilized 
liposomes in brachial lymph nodes. Sterically stabilized liposomes were mainly localized in 
the subcapsular area, probably in the afferent lymphatic vessel and around the afferent 
20 area. In contrast, stericaily stabilized anti-HLA-DR immunoiiposomes mostly accumulated in 
the cortex in which follicles (B ceils and FDCs) are located and in parafollicular areas in 
which T-cell, interdigitating dendritic cells and other accessory cells are abundant. 

Figure 7 compares the localization of sterically stabilized liposomes and sterically 
25 stabilized anti-HLA-DR immunoiiposomes in spleen at 120 h after their subcutaneous 
administration to mice. Once again, results showed that the accumulation of sterically 
stabilized anti-HLA-DR immunoiiposomes is better than stericaily stabilized liposomes in this 
tissue but their localization was different. Sterically stabilized liposomes were localized 
mostly in the red pulp and the marginal zone of the white pulp whereas stericaily stabilized 
30 anti-HLA-DR immunoiiposomes were largely concentrated in the follicle of the white pulp 
and little in the marginal zone. 

The tissue distribution of free indinavir and stericaily stabilized anti-HLA-DR 
immunoiiposomes containing indinavir, has also been evaluated after a single subcutaneous 
35 administration to C3H mice (figure 8). Administration of free indinavir resulted in very low 
drug levels in all lymphoid tissues. Most of the injected drug accumulated in liver and was 
totally cleared within 24 h post-administration. In contrast the incorporation of indinavir in 
sterically stabilized anti-HLA-DR immunoiiposomes markedly improved the tissue and 
plasma distribution. Stericaily stabilized anti-HLA-DR immunoiiposomes were efficient in 
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deiivering high concentrations of the antiretroviral agent to all tissues and in plasma for up to 
at least 15 days post-injection. On the other hand, the tissue distribution profile of 
radiolabeled lipids was very similar to that of the immunoliposomal drug suggesting that 
indinavir was still associated to liposomes when taken up by tissues. Table 4 shows the 
5 corresponding area under the curve of free and immunoliposomal indinavir in tissues. 
Results clearly demonstrated that the incorporation of indinavir into anti-HLA-DR 
immunoliposomes greatly enhanced the drug accumulation in al! tissues leading to a 21 to 
126-fold increased accumulation when compared to the free agent. A greater drug 
concentration was observed in the cervical and brachial lymph nodes when compared to 
10 other tissues. Such site-specific drug targeting may allow less frequent administrations of 
drugs and at lower doses than conventional therapy reducing the marked toxicity actually 
seen in patients undergoing antiviral therapy with free agents. 

In vivo toxicity studies 

1 5 The toxicity of indinavir, free and incorporated in sterically stabilized liposomes, has 

been evaluated after 10 consecutive subcutaneous injections to mice from histopathology 
studies and measurements of hepatic enzymes. In brief, female C3H mice (18-20 g) (group 
of 10 mice) were injected subcutaneously with 500 pi of indinavir, free or incorporated in 
sterically stabilized liposomes (34.3 mg indinavir/kg; 540 mg of lipids/kg body weight/day), 

20 once daily for 10 days and allowed to recover for 14 days. The choice of this dose was 
based on daily doses administered to HIV-infected patients. Animals treated with PBS and 
with a 0.86% DMSO solution were used as controls. Blood samples were collected on days 
0, 1 1 and 24 for biochemical analysis. Levels of aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and lactate dehydrogenase (LDH) were monitored in serum 

25 samples. On days 11 and 24, 5 mice/group were sacrificed and histopathoiogical studies 
were performed on liver and spleen, in brief tissues were fixed in a solution of 10% formalin 
for 4 days. After fixation, tissues were dehydrated and embedded in paraffin. Sections (5 pm 
thick) were placed on on gelatin-coated slides and allowed to dry for 4 h at 37°C. Slides 
were deparaffinized in toluene and hydrated in a series of graded ethanol solutions. During 

30 hydration, residual formalin was neutralized in ethanol-saturated picric acid. Slides were 
stained with hematoxyiin-eosin and tissues were dehydrated, cleared and mounted with 
Permount (Fisher Scientific, Montreal, QC). 

No significant differences in the levels of hepatic enzymes were observed at the end 
35 of the treatment (day 11) and after the two weeks recovery (day 24) when compared to 
baseline and control untreated mice (figure 9). Only a moderate increase in the AST and 
LDH hepatic enzymes levels was observed in animals treated with drug-free liposomes. This 
mild toxicity could be attributed to lipid accumulation in liver but was not observed in 
liposomal formulations containing indinavir. Nevertheless, as anti-HLA-DR 
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immunoliposomes are efficient to deliver indinavir to lymphoid tissues for up to 15 days post- 
administration, less frequent administrations than daily administrations for 10 days would be 
most likely required limiting thereby the potential hepatotoxicity of liposomes. Finally, 
histopathological studies revealed no significative damage to liver and spleen when 
5 compared to control group (data not shown). 

Table 4. Area under the curve of free indinavir and sterically stabilized anti-HLA-DR 
immunoliposomes containing indinavir in tissues after a single subcutaneous 
administration C3H mice. 3 

10 



Tissues 


Immunoliposomal 
indinavir 


Free indinavir 


Ratio immunoliposomal/ 
free indinavir 


Cervical lymph nodes 


523.2 


7.6 


68.8 


Brachial lymph nodes 


617 


4.9 


126.0 


Mesenteric lymph nodes 


192.8 


6.4 


30.1 


Inguinal lymph nodes 


144.5 


4.1 


35.2 


Popliteal lymph nodes 


134.2 


4.5 


29.8 


Liver 


733.3 


35.0 


21.0 


Spleen 


211.3 


5.3 


39.9 


Plasma 


77.8 


2.3 


33.8 



a Values, expressed in [jmoles lipids/g tissues/h, were calculated from the mean values of 
the tissue distribution profile using the trapezoidal rule. 

15 Immunogenicity studies 

The immunogenicity of conventional liposomes, sterically stabilized liposomes 
bearing anti-HLA-DR Fab' fragments or complete IgG antibody (2 x 10" 10 mol of 
protein/pmol lipid) or a mixture of sterically stabilized liposomes liposomes and antibodies 
has been investigated in rats after four repeated subcutaneous administrations given on 

20 days 0, 7, 14 and 21 . In brief, blood samples were collected at different time points (day 0, 6, 
13, 20 and 27) and antibody titers in serum samples were quantified by sandwich ELISA 
using Nunc MaxiSorp microtiters plates. In brief, plates were coated with 5 pg/ml (100 
pi/well) of the tested proteins (Fab fragments, whole IgG or irrelevant protein, BSA) for 2 h 
at 37°C. Afterwards, plates were washed three times with PBS containing 0.2% Tween-20 

25 and incubated with blocking buffer for 30 min at 37°C. Plates were washed again and serum 
dilutions from immunized animals were added (100 |jl/well), incubated for 1 h at 37°C and 
washed again to remove unbound proteins. A biotin-conjugated goat anti-rat IgG solution 
(100 Ml/well, diluted 1:50000 in blocking buffer) was added to each well and plates were 
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incubated for 1 h at room temperature. Unbound antibodies were washed with PBS 
containing 0.2% Tween-20 and horseradish peroxydase conjugated streptavidin (100 
pl/weil, diluted 1:4000 in PBS containing 2% BSA and 0.05% Tween-20) was added and 
incubated for another 30 min at room temperature. After three washes, hydrogen peroxyde 
3,3\5,5' tetramethylbenzidine (100 pl/weil) was added to the solution and after a 30 min 
incubation at room temperature, the reaction was stopped by adding 50 pi of a 1 M H3PO4 
solution. Absorbance was read at 450 nm on a mrcroplate reader. 

Figure 1 0 shows the levels of antibodies in serum samples of rats after four repeated 
subcutaneous injections of sterically stabilized liposomes, sterically stabilized anti-HLA-DR 
immunoliposomes or a mixture of sterically stabilized liposomes and antibodies. As 
expected, liposomes bearing Fab' fragments were 2.3-fold less immunogenic than 
liposomes bearing the entire igG. Lower levels of rat antibodies were detected on Fab' 
fragments-coated plates, suggesting that the immune response is principally directed 
against the Fc portion of immunoglobuiin. However, the concentration of antibodies in serum 
increased rapidly with the number of injections suggesting that the primary response is first 
directed against the Fc portion, but as the immune response mature, other antibodies are 
developed against the Fab' portion of the antibody. In order to verify the specificity of these 
antibodies, ELISA was performed with irrelevant protein BSA and no signal was detected 
(data not shown). Liposomes bearing Fv fragments, which constitute the smallest part of the 
immunoglobulin that keeps affinity for ligand, could possibly reduce induction of immune 
response associated with repeated administrations of immunoliposomes. 

In vitro efficacy studies 

The ability of indinavir, free or encapsulated in sterically stabilized liposomes or 
sterically stabilized anti-CD4 immunoliposomes, to inhibit HIV-1 replication has been 
evaluated in SUPT-1 ceils from measurements of reverse transcriptase activity. Briefly, 1.25 
x 10 5 cells were incubated with HIV-1 (strain NL4-3; 25 ng of p24) and different 
concentrations of free indinavir or liposomal formulations of indinavir (10 to 100 nM) in a final 
volume of 500 pi. Cells were maintained in RPMI 1640 supplemented with 10% FBS, 2 mM 
L-glutamine, 100 U/ml penicillin G and 100 mg/ml streptomycin. Twice a week, 50 pi of 
supernatant were collected and stored at -20°C until measurements of reverse transcriptase 
activity and 200 pi of cell suspension was removed for cell viability assay. Thereafter, 250 pi 
of fresh culture medium were added in each well. Reverse transcriptase activity was 
measured by incubating supernatant with 10 pi of a solution A (5 mM dithiothreitol, 50 mM 
KCI, 0.05% Triton X-100) and 40 pi of a solution B (5 mM MgC! 2 , 0.5 M EGTA, 0.04 mg of 

poiy(rA)-oiigo(dT) 1 2-l8 I 3 mCi 3 H-TTP (40 to 70 Ci/mmol)). After an 1 h incubation period at 
37°C, samples were precipitated onto glass fiber filters by using a ceii harvester system and 



SUBSTITUTE SHEET (RULE 26) 



WO 00/66173 PCT/CA00/00469 

-22- 

reverse transcriprase activity was measured using a liquid scintillation counter (1205 Beta- 
plate; Waiiac Oy, Turku, Finland). 

Figure 1 1 shows the efficacy of indinavir, free or incorporated in sterically stabilized 
5 liposomes or stericaiiy stabilized anti-CD4 immunoiiposomes t to inhibit HIV-1 replication in 
CD4+ T lymphocytes. Globally, both liposomal and immunoliposomal formulations of 
indinavir were as efficient than the free agent to inhibit HIV-1 replication in this cell line. The 
reduced efficacy of alt preparations at low concentrations of indinavir as a function of time 
post-infection is normal since, in our experimental set-up, a certain amount of the indinavir 
1 0 formulations was removed periodically from culture medium reducing thereby, their efficacy 
against HIV-1 replication. However, because our immunoiiposomes allow efficient drug 
targeting of HIV reservoirs, the potential therapeutic advantages of immunoiiposomes over 
the free agent for the treatment of HIV infection are expected to be observed under in vivo 
situations. 

15 

The efficacy of different formulations of amphotericin B (AmB) to inhibit cell-free T- 
or macrophage-tropic HIV-1 strains that have incorporated or not host-derived HLA-DR 
proteins has been evaluated in HLA-DR/negative (NEG) 1G5 T-cells and HLA-DR/positive 
(POS) Mono Mac 1 cells, in brief, 1G5 cells were infected with H1V-1NL4-3 (10 ng of p24) 

20 while Jurkat E6.1 ceils were infected with luciferase-encoding pseudotyped virions (10 ng of 
p24) for 2 h at 37°C in a final volume of 200 pi of complete culture medium. Afterwards, cells 
were washed with PBS, resuspended in 200 pi of medium and transferred to a 96-well flat- 
bottomed tissue culture plate and allowed to grow for 72 h at 37°C in a 5% CO2 
atmosphere, in some experiments, HIV-1 NL4-3 or 1G5 ceils were pretreated with AmB (0- 

25 10 pg/ml) for 60 min at 37°C in a final volume of 100 pi of complete culture medium prior to 
infection. In another set of experiments, AmB was added 2 h after the adsorption period and 
maintained in contact with cells for 72 h. Infection was monitored by measuring the 
luciferase activity. In brief, 100 pi of cell-free supernatant was withdrawn from each well and 
25 pi of a ceil culture lysis buffer were added before incubation at room temperature for 30 

30 min. Thereafter, an aliquot of this cell lysate (20 pi) was mixed with 100 pi of luciferase 
assay buffer and activity was evaluated using a microplate luminometer. 

HLA-DR/POS HIV-1NL4-3. HLA-DR/NEG HIV-lNL4-3or HIV-1ADA (10 ng of p24) 
were treated with different concentrations of free or anti-HLA-DR immunoiiposomes 
35 containing AmB (0-5 pg/mi) or with the corresponding amount of conventional liposomes or 
anti-HLA-DR immunoiiposomes for 1 h at 37°C, in a final volume of 100 pi of complete 
culture medium. Afterwards, 1G5 cells were infected with equal amounts of pretreated HLA- 
DR1/POS HIV-1 NL4-3, HLA-DR/NEG HIV-1 NL4-3 (10 ng of p24) for 2 h at 37°C, in a final 
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voiume of 200 pi of complete culture medium. Mono Mac 1 cells were infected with HIV- 
1ADA (10 ng of p24) as described above. Ceils were then washed with PBS, resuspended 
in 200 pi of complete culture medium, and transferred to a 96-well flat-bottomed tissue 
culture plate. After a 72 h incubation period at 37°C in a 5% CO2 atmosphere, luciferase 
5 activity was monitored as described above. 

Figure 12 shows the effect of AmB concentration on HIV-1 ni_4-3 viral replication 
inhibition under various experimental conditions, Pretreatment of cell-free viral particles with 
AmB for 1 h at 37°C inhibited HIV-1 replication in a dose-dependent manner. About 50% of 

10 viral particles were inactivated after pretreatment with 1 pg AmB/ml, whereas a complete 
abrogation of viral replication was obtained at 5 pg AmB/ml. When 1G5 cells were 
pretreated with AmB, a complete inhibition of HIV-1 NL4-3 replication was observed at a 
concentration of 10 pg AmB/ml. Similarly, when the virus and AmB were added 
simultaneously to ceils (i.e. no pretreatment), complete inhibition of HIV-1 replication 

15 occured at 10 pg AmB/ml. Finally, when AmB was added to HIV-1 NL4-3 infected cells, viral 
replication was inhibited only to 40% with 10 pg AmB/ml. Incubation of 1G5 cells for 72 h 
with AmB in the range of concentration tested did not affect the cellular viability (data not 
shown). Altogether, these results suggest that AmB may exert a direct effect on cell-free 
virions and that AmB has to be present in the first period of viral infection to achieve a 

20 complete inhibitory effect on viral replication. To test whether AmB blocks infection at the 
virus entry level, we used HIV-1 -based luciferase reporter viruses with HXB2, AML-V or 
VSV-G env. The luciferase reporter viruses infect cells in a single round but are not 
competent for further replication. Therefore, measurement of luciferase activity with such 
pseudotypes viruses allows to evaluate the efficacy of AmB to inhibit the entry of viruses 

25 having different envelopes. AmB at a concentration of 5 pg/ml was efficient to inhibit 
infection of a T-celi line with all three pseudotyped virions suggesting that AmB inhibition of 
HIV-1 infection is not specific to HIV-1 envelope proteins (data not shown). 

Since pretreatment of HIV-1 NL4-3 with AmB at a concentration of 5 pg/ml 
30 completely inhibited viral replication in 1G5 cells, we have next evaluated the capacity of 
anti-HLA-DR immunoliposomes containing this concentration of AmB to target and inhibit 
celt free virus. As expected, treatment of HIV-1 particles expressing host-encoded HLA-DR 
with anti-HLA-DR immunoliposomes containing AmB inhibited HIV-1 replication in 1G5 T- 
cells (figure 13). In contrast, AmB incorporated in conventional liposomes did not affect HIV 
35 infectivity at this concentration suggesting that inhibition of HIV particles is due to specific 
targeting of HLA-DR host-embedded molecules. On the other hand, both conventional 
liposomes and anti-HLA-DR immunoliposomes without AmB did not inhibit viral replication. 
All formulations tested were not toxic to 1G5 cells (data not shown). 
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To investigate whether anti-HLA-DR immunoiiposomes containing AmB inhibit 
specifically the infectivity of HIV-1 particles that have incorporated HLA-DR molecules, HLA- 
DR/NEG HIV-1 NL4-3 and HLA-DR/POS HIV-1 NL4-3 were incubated with different 
concentrations of free AmB and anti-HLA-DR immunoiiposomes containing AmB. In contrast 
5 to HLA-DR/POS HIV-1 NL4-3* AmB incorporated in anti-HLA-DR immunoiiposomes had no 
effect on HLA-DR/NEG HIV-1 NL4-3 replication at concentration between 0-5 pg AmB/ml 
(figure 14). Approximately 77% of HLA-DR/POS HIV-1 NL4-3 replication was inhibited with 
anti-HLA-DR immunoiiposomes containing AmB (0.5 \sglml) whereas free AmB had no 
significant antiviral activity at this concentration. These results confirm that anti-HLA-DR 
10 immunoiiposomes containing AmB specifically targets and inhibits HLA-DR expressing HIV- 
1 , and that, more efficiently than free AmB. 

We have next evaluated the efficacy of AmB incorporated in anti-HLA-DR 
immunoiiposomes to inhibit viral replication of the macrophage-tropic HIV-1 ADA in the 

15 monocyte/macrophage HLA-DR/POS Mono Mac 1 cell line. This cell line represents an 
appropriate mode! system to study HIV-1 infection as an immortalized cell line which 
parallels primary MDM properties such as necessary surface receptor/co-receptors 
mediating HIV-1 infection by M-tropic strains of HIV-1 and infection kinetics. Surprisingly, 
anti-HLA-DR immunoiiposomes containing AmB were as efficient as free AmB to inhibit 

20 HLA-DR/NEG HIV-1ADA replication in a HLA-DR/POS cell line (figure 15) without significant 
toxicity for both formulations (data not shown). These results suggest that anti-HLA-DR 
immunoiiposomes containing AmB could protect HLA-DR/POS cells against virus infection. 

With a chronic disease such as HIV infection we need innovatives approaches that 
25 could improve the treatment of HIV-infected individuals. Therefore, more potent antiretroviral 
drugs or the use of alternative approaches that block the potential spread of virus within 
lymphoid tissues, their main reservoir, are urgently needed. The use of immunoiiposomal 
drugs represents an innovative approach to inhibit virally-infected cells and cell-free particles 
diminishing, thereby, the viral load within lymphoid organs. Such site-specific drug targeting 
30 may allow less frequent administrations of antiviral agents and at lower doses than 
conventional therapy reducing therefore the marked toxicity actually seen in patients 
undergoing antiviral therapy with free drugs. In addition, the subcutaneous administration of 
liposomal drugs may lead to the generation of new modes of delivery in the future such as 
subcutaneous pumps. The incorporation of anti-HIV agents in anti-HLA-DR and anti-CD4 
35 immunoiiposomes could represent a novel therapeutic strategy to specifically target HIV-1 
cellular reservoirs and celi-free virus with the ultimate goal of treating more efficiently 
patients afflicted with HIV/AIDS. 
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Methods of formulation and methods of use 

From the above detailed compositions or formulations, the skilled artisan will readily 
appreciate that a method of formulating the compositions is obviously contemplated and 
inherent to this invention. This method comprises the step of coupling the ligand to the lipid- 
5 comprising vesicle as disclosed and covered by the methodology used and practiced the 
specific examples. Further, the use of this formulation for treating a patient affected by an 
infectious disease, which comprises the step of administering the above compositions or 
formulations is also within the scope of the invention. The treatment may be either a passive 
immunization against the infectious agent or destabilization of the membranes of the host 
10 cell or the infectious agent, or delivering the drug to the host cell or the infectious agent. 
Finally, this invention has been described hereinabove and it may be subject to variations 
without departing from the spirit and teachings of this invention. These variations are within 
the scope of this invention, as defined in the appended claims. 
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